Background: Certolizumab pegol, a PEGylated tumour necrosis factor (TNF)-inhibitor, improves the clinical signs and symptoms of rheumatoid arthritis (RA) when used in combination with methotrexate or as monotherapy. This study evaluatedthe cost-utility of certolizumab pegol versusTNF-inhibitors plus methotrexate in the treatment of moderate-to-severe RA in Spain. Methods: A Markov cohort health state transition model was developed to evaluate the cost-utility (costs and quality-adjusted life years [QALYs]) of certolizumab pegol versus other TNF-inhibitors licensed in Spain in 2009. Efficacy was measured using the American College of Rheumatology (ACR) responses at 6 months, based on adjusted indirect comparisons from published clinical trials. Utilities were derived from EQ-5D data from certolizumab pegol RA clinical trials. Clinical history and resource use data came from published literature. Unit costs were taken from Spanish databases or published data (cost year 2009). Base case analyses were conducted from the payer perspective, with a lifetime horizon, 3.5 % annual discounting rates for costs and outcomes, and 3 % inflation rate for 2009 onwards. One-way sensitivity analyses were conducted. Results: The average lifetime costs for certolizumab pegol, etanercept, adalimumab (every 2 weeks and weekly) and infliximab (3 mg/kg and 5 mg/kg) in combination with methotrexate were €140, 971, €141,197, €139,148, €164,741, €136,961 and €152,561, respectively. The QALYs gained were 6. 578, 6.462, 6.430 (for both adalimumab doses), 6.430, and 6.318 (for both infliximab doses), respectively. At a €30,000/QALY willingness-to-pay threshold, certolizumab pegol plus methotrexate dominated adalimumab weekly, etanercept, and infliximab 5 mg/kg, and was cost-effective versus adalimumab every 2 weeks and infliximab 3 mg/kg (all with methotrexate), with estimated ICERs of €12,346/QALY and €15,414/QALY, respectively. Certolizumab pegol monotherapy was more cost-effective versus adalimumab, and less expensive with similar health gains versus etanercept (6.416 QALYs vs 6.492). Univariate analysis showed ICERs to be sensitive to changes in time horizon, ACR response time point, baseline Heath Assessment Questionnaire (HAQ) score, and rate of HAQ-disability index deterioration after discontinuing treatment.
Background
Rheumatoid arthritis (RA) is a chronic inflammatory disease causing progressive joint destruction, deformity and disability. Although its exact aetiology is unknown, RA is believed to be an autoimmune disease stimulated by environmental factors in genetically susceptible individuals [1] . The prevalence in Spain is 0.5 % according to the EPISER study [2] , with an incidence estimated at 8.3 cases per 100,000 by the Spanish Society of Rheumatology. The annual incidence of RA in adults in Spain is in the lower range for European countries, and comparable with those in other Mediterranean countries [3] .
The aim of treatment is disease remission or the lowest disease activity possible. Standard treatment for RA patients in Spain with persistent disease in spite of aggressive management currently consists of disease-modifying antirheumatic drugs (DMARDs). In line with national guidelines, methotrexate, a small-molecule DMARD, is the first treatment choice in Spain for more than 80 % of patients with RA [4] . Biological DMARDs include tumour necrosis factor (TNF) inhibitors, e.g. certolizumab pegol, adalimumab, golimumab, infliximab and etanercept, which target TNFα, a proinflammatory cytokine believed to play a major role in the pathogenesis of RA [5] . TNF inhibitors or tocilizumab, an antibody directed against the interleukin-6 receptor, administered alone or in combination with methotrexate, are the first treatment option after small-molecule DMARDs [6, 7] . Other biological agents used in Spain are anakinra, abatacept and rituximab, which are used in patients with RA who do not respond to methotrexate and in patients with active RA despite treatment with TNF inhibitors [6, 7] . However, a significant proportion of patients has an unsatisfactory response to these treatments and continues to experience episodes of disease activity while receiving therapy [8] [9] [10] [11] .
Certolizumab pegol (Cimzia®, CZP) is a PEGylated Fc-free anti-TNF approved for adults with moderate to severe RA [12, 13] . It is administered by subcutaneous injection and has a relatively long elimination halflife, allowing administration once every 2 or 4 weeks. Certolizumab pegol demonstrated rapid and sustained improvements in physical function and signs and symptoms of RA, and relief in pain and fatigue and significant improvements in productivity at work and home and participation in social activities [14] [15] [16] [17] . CZP is approved in Spain, either as monotherapy or in combination with methotrexate, for the treatment of moderate-to-severe, active RA in adult patients when the response to DMARDs, including methotrexate, has been inadequate [13] .
Whilst TNF inhibitors have generally been shown to be cost-effective in the treatment of RA [18] [19] [20] [21] [22] [23] [24] [25] [26] , data regarding the relative cost-effectiveness of the various TNF inhibitors are limited and there are few published economic evaluations for certolizumab pegol.
The aim of this study was to evaluate the cost utility of certolizumab pegol compared with other standard first-line TNF-inhibitor therapies licensed and marketed in Spain in 2009 (etanercept, adalimumab, infliximab), administered with or without methotrexate for the treatment of patients with moderate-to-severe RA who have had an inadequate response to methotrexate alone.
Methods

Cost-utility model
The economic evaluation was carried out using a theoretical cost-utility analysis framework, using a Markov model structure (cohort health state transition model) [27] . Patients entered the model at commencement of therapy with certolizumab pegol or a comparator. Two certolizumab pegol regimes were analysed: certolizumab pegol (400 mg administered on weeks 0, 2 and 4, then 200 mg every 2 weeks) in combination with methotrexate or as monotherapy. Comparators considered in the analysis were TNFα inhibitors licensed and recommended in Spain in 2009. These included etanercept (25 mg twice weekly), adalimumab (40 mg every 2 weeks or 40 mg weekly), infliximab (3 or 5 mg/kg at week 0, 2, 6 and every 8 weeks thereafter), and etanercept or adalimumab monotherapies.
The population entering the model consisted of patients that had active RA (defined as a disease activity score [DAS28] >5.1, confirmed on at least two occasions a month apart) and had failed to respond adequately to methotrexate. Baseline characteristics were reflective of those patients in clinical practice who are eligible for treatment with certolizumab pegol.
The model was developed with a 6-months or a 3-months cycle, depending on when the clinical response is assessed (Fig. 1) . At the end of the first cycle, patients were assigned to 1 of 4 response groups, defined according to American College of Rheumatology (ACR) criteria: no response, ACR20, ACR50 or ACR70 response. In patients with an inadequate response (no ACR20 response), treatment was discontinued; only patients who obtained an adequate response in the first time step continued on to the modelled initial therapy. Mortality rates are also assumed during the first cycle of the model [28] . At the end of the next and following cycles, patients may have remained in the same Markov treatment health state; discontinued treatment due to lack of efficacy or due to an adverse event; or died. Patients who discontinued treatment were assumed to have moved on to alternative therapies. On discontinuation of certolizumab pegol or the comparator treatment (adalimumab, etanercept or infliximab), patients may have received the following sequence of conventional DMARD as follow-up therapy: sulfasalazine, leflunomide, gold sodium thiomalate, hydroxychloroquine, azathioprine, cyclosporine, and penicillamine. Upon discontinuation of the last treatment in the sequence, patients received palliative therapy.
After the first 12 months, cycle duration was six months to reflect monitoring frequency recommendations by the Spanish Rheumatology Society [7] , the National Institute for Health and Clinical Excellence (NICE) and the British Society of Rheumatology (BSR) [29] [30] [31] .
Incremental cost-effectiveness ratios (ICERs) are presented, representing the incremental costs necessary to achieve an additional QALY with certolizumab pegol versus the comparator selected.
Clinical effectiveness estimates and model assumptions
The natural history of the disease and the data on use of resources were derived from various sources, including previous economic evaluation [32] . Treatment duration was obtained from a study with over 2300 patients treated with a TNFα inhibitor over 9 years, which showed that the median treatment duration for TNFα inhibitors was 37 months (3.08 years) [33] . The duration of treatment with small-molecule DMARDs was taken from Chen et al. [32] , and all-cause mortality rates for the general population were obtained from published age-and gender-specific mortality rates in Spain [34] , adjusted according to Health Assessment QuestionnaireDisability Index (HAQ-DI). The starting mortality rate in cycle 1 is adjusted to the age and gender distribution of the model population and adjustment is made in each model cycle to represent the increased risk of death as patients become older. The base case estimate of relative risk of death of 1.330 per HAQ unit (95 % CI 1.099 to 1.610) is taken from a 35 year cohort study of 3501 RA patients in Canada [35] .
Since there were no head-to-head studies directly comparing certolizumab pegol efficacy to that of the other anti-TNF agents, the relative efficacy of the comparators was estimated via an indirect analysis of data from certolizumab pegol studies (RAPID 1 [16, 17] , RAPID 2 [36] and FAST4WARD [14] ) and from published literature identified through a systematic review [32] included studies of all biological DMARDs published up to April 2009. Medline, Embase and the Cochrane Library (NHSEED) were searched to identify studies of certolizumab pegol, adalimumab, etanercept and infliximab in patients with rheumatoid arthritis. Other forms of arthritis were excluded as were nonEnglish language studies. Studies of the following design were included: economic evaluations piggy-backed on to a clinical trial; cost-consequence, cost-benefit, cost-effectiveness, cost-utility and cost-minimisation analyses; studies in which the comparator was a biological DMARD or a conventional DMARD; and studies that reported quality of life and cost estimates, cost estimates or cost-effectiveness.
Abstracts were first screened by two independent reviewers and any disagreements resolved by a third reviewer. Duplicate citations and those which did not match the eligibility criteria were excluded. Full-text copies of all included and ambiguous studies were obtained. Data from all included studies were extracted b Reason for discontinuation (lack of efficacy or adverse events) determined by the probabilities after leaving treatment health state independently by two reviewers, and any disagreements when extracted data were compared resolved by a third reviewer. Most data came from trials of biological DMARDs versus methotrexate or placebo. Two direct trials comparing etanercept with infliximab as combination therapies with methotrexate were excluded from the indirect analysis due to their small patient numbers.
RAPID 1 (52-weeks) and RAPID 2 (24-weeks) were both phase III, multicentre, double-blind, randomised placebo-controlled trials evaluating certolizumab pegol 400 mg at weeks 0, 2 and 4 followed by 200 mg or 400 mg plus methotrexate every 2 weeks, or placebo plus methotrexate, in patients with active RA (n = 982 and 619, respectively) [16, 17, 36] . Similarly, FAST4WARD was a 24-week, multicentre, double-blind, placebo-controlled phase III study, evaluating certolizumab pegol 400 mg monotherapy every 4 weeks or placebo (n = 220) [14] . ACR20 response rate at week 24 was the primary endpoint in all three studies (and co-primary in RAPID 1 study).
In addition to the RAPID 1 and RAPID 2 trials, data for the analysis of combination therapies, with respect to ACR responses at 3 months, were provided by 4 studies. These included one study of adalimumab [37] , two of etanercept [38, 39] and one of infliximab [40] . Data on ACR response rates at 6 months were derived from 6 studies, including three studies of adalimumab [9, 37, 41] , one of etanercept [39] and two of infliximab [42, 43] . All studies were randomised, double-blind, placebocontrolled studies, except for the study by Westhovens et al. [43] , in which patients in the placebo group crossed over to receive active treatment between weeks 22-46.
Data for the analysis of monotherapies were provided by the FAST4WARD study and 3 additional studies each for ACR response rates at 3 and 6 months. The studies from which 3-month ACR response rates were derived included two studies of adalimumab [44, 45] and one study of etanercept [46] ; and 6-month ACR response rates were derived from two studies of adalimumab [44, 47] and one of etanercept [46] . All studies were randomised, double-blind, placebo-controlled studies. Estimated ACR response rates, i.e. probabilities of transition of the model, for all agents following the indirect comparison are shown in Table 1 .
Data regarding the safety of biological DMARDs varied in the published literature, in terms of the way it is reported and analysed, making it difficult to make indirect comparison between different treatments. However, since safety profiles for all TNF inhibitors, including certolizumab pegol, appear to be similar, costs and results associated with adverse events were not explicitly included in the model.
Resource use data were taken from published literature and unit costs (drug acquisition and administration, monitoring and resources) were taken from official Spanish sources or published references [48, 49] . Treatment unit costs are shown in Table 2 and resource unit costs are shown in Table 3 . The cost of methotrexate was assumed to be zero and indirect costs were not included in the model. Costs per HAQ category were taken from a cohort study in Sweden and the United Kingdom [50] .
Health effects were measured using the EuroQol Group 5 Dimension self-report questionnaire (EQ-5D). Upon entry into the model, the patient population was assigned a mean pre-treatment utility score of 0.38, derived from the EQ-5D data collected in the certolizumab pegol RAPID 1 and 2 trials [17, 36] . Over the first 6 months of initial treatment, patients were assigned an average change in the derived EQ-5D utilities which was dependent on their response category (Fig. 2) . The magnitude of the change in EQ-5D utilities was estimated from the patient-level data of the certolizumab pegol trials by ANACOVA regression analysis and the effect is assumed to be the same for all comparators. The regression models were fitted with age, gender, baseline EQ-5D utilities, disease duration, number of previous conventional DMARDs and anti-CCP antibody status as covariates. Default estimates are adjusted for the selected analysis population and are varied in probabilistic sensitivity analyses. Regression coefficients were then used to calculate the change in utility. The base-case analysis also assumes that 80 % of the change over the first 6 months is achieved by week 4. Patients continuing treatment continue to improve over the year following the initial 6 months of treatment, but at a much smaller rate, as the majority of health benefit has been gained by this point (Fig. 2) . This assumption was validated by expert clinicians who agreed that it was likely that patients would continue to improve beyond the first round of direct clinical improvements as quality of life impact then becomes more important. Again, it is assumed that certolizumab pegol and all comparators would perform similarly. Changes in HAQ-DI scores with time on treatment are estimated directly from the certolizumab pegol trials using repeated measures analyses and then mapped to EQ-5D utility benefit in the model through the Bansback conversion factor (ΔEQ-5D utility = −0.2102 ΔHAQ) [51] . Patients discontinuing treatment were assigned a decrease in utility equal to that applied for the initial response to treatment and an increase in utility as for the initial response to the first-line treatment, to account for the benefit of the treatment to which the patient moves. Thus the model does not favour interventions from which there is low discontinuation, since the benefit of initial treatment is replaced by a benefit of follow-up treatments. For the follow-on alternative treatments (conventional DMARDs or palliation) the model assumes a decline in the health state over time (Fig. 2) .
Base-case analysis
The base-case analysis was conducted from the perspective of the Spanish National Health System (Sistema Nacional de Salud) and included the following direct healthcare costs: treatment (unit cost, administration, monitoring); hospital costs (outpatient and inpatient); costs of primary-health and specialist medical appointments. The base case analysis assumed a clinical response at 6 months and was conducted over a lifetime horizon (set at 45 years). In this model, for drugs for which the dose is adjusted for patient weight (abatacept, infliximab, azathioprine and cyclosporine), the weight distribution of the RA population in certolizumab pegol trials was used to calculate the percentages of patients receiving a specified number of vials; a patient-fixed average weight of 81.4 kg was assumed. An annual discount rate of 3.5 % was applied for costs and outcomes [52] [53] [54] . The analysis assumed a cost per unit approach (i.e. assumes unused drug was wasted). The cost year was 2009, with an inflation rate of 3 % for 2009 onwards. Annual inflation rates for the period 1997 to 2009 were taken from the official statistics published by the Instituto Nacional de Estadística (the Spanish National Statistics Institute) [55] .
ICERs were evaluated against a €30,000/QALY willing ness-to-pay (WTP) threshold [56] [57] [58] .
Sensitivity analyses
Univariate sensitivity analyses were conducted by varying different model parameters including ACR response time of 3 months, costing method (per mg), HAQ-DI measurements for improvements in quality of life instead of EQ-5D, time horizons, discount rate for health costs and outcomes, an assumed association of zero between mortality and HAQ-DI, variation (between 0 and 100 %) in the patient's rate of deterioration on the HAQ-DI scale after discontinuing treatment, baseline HAQ scale score, the annual progression on the HAQ scale for the first-line treatment or continuation treatment.
Probabilistic sensitivity analyses were conducted for each probabilistic sensitivity analysis, 1000 simulations were generated using base case assumptions and parameter variability summarised in Table 4 . The variables altered were: clinical effectiveness, mean age, baseline mean HAQ-DI score, number of previous DMARDs, disease duration and antibody status (modelled using a normal distribution), gender (using a beta distribution) and patient weight (using a certolizumab pegol-related cumulative distribution function). All other parameters were held constant. From the results of these simulations, cost-effectiveness planes and cost-effectiveness acceptability curves were drawn.
Results
Base-case analysis Combination therapies
Certolizumab pegol plus methotrexate was the most costeffective therapy when compared with other biologic Table 5 ).
Monotherapies
The analysis indicated that certolizumab pegol monotherapy was the most effective (as measured through QALYs) and less expensive compared with adalimumab (weekly or every 2 weeks). Certolizumab pegol Table 5 .
Sensitivity analyses Univariate sensitivity analysis
The results of the analysis of sensibility are show in the Tables 6 and 7 . The sensitivity analyses indicated that the base case results were robust, with certolizumab pegol remaining the cost-effective treatment at the €30.000/QALY WTP threshold, when changes were applied to the discount rate, economic perspective of the analysis, the drug costing method, the choice of quality of life instrument and the association between HAQ score and mortality. The ICERs were sensitive to changes in the time horizon, timepoint of ACR response, baseline HAQ score, and the rate of deterioration in HAQ-DI scale after discontinuing the treatment.
Probabilistic sensitivity analyses
Cost-effectiveness planes for the PSA of certolizumab pegol vs. other therapies with the ACR six month definition of response are shown in Figs. 3 and 4 . The probabilistic sensitivity analysis indicated that at €30.000/ QALY WTP, certolizumab pegol plus methotrexate has the highest probability of being cost-effective against adalimumab (weekly) and infliximab (5 mg/kg), in 91 % and 78 % of the cases, respectively. When compared with adalimumab every 2 weeks, etanercept and infliximab (3 mg/kg), and certolizumab pegol had almost equal probability of being cost-effective (42 to 48 % at a €30.000/QALY WTP threshold).
Discussion
The cost utility of certolizumab pegol compared with other TNF inhibitors available in Spain in 2009 and administered alone or in combination with methotrexate in patients with moderate-to-severe RA who have had an inadequate response to methotrexate alone has been estimated. Evaluated against a €30,000/QALY WTP threshold and over a lifetime horizon, certolizumab pegol administered in combination with methotrexate was a dominant therapy compared with other TNF inhibitor combination therapies (weekly adalimumab, etanercept, and infliximab 5 mg/kg), and cost-effective versus 2-weekly adalimumab and infliximab (3 mg/kg) combination therapies. Certolizumab pegol monotherapy was dominant versus weekly or 2-weekly adalimumab monotherapy and was also less expensive, but had comparable health gains when compared with etanercept monotherapy. Probabilistic sensitivity analyses confirmed the cost-effectiveness of certolizumab pegol + methotrexate combination therapy. Univariate sensitivity analyses showed that ICERs for certolizumab pegol administered with or without methotrexate were robust to changes in the majority of variables analysed, and that ICERs were sensitive to changing the time horizon, timepoint of ACR response, baseline HAQ score, and the rate of deterioration in HAQ-DI scale after discontinuing the treatment.
Comparison with other studies is difficult since most of the studies published to date support the costeffectiveness of TNF inhibitors as a second-line strategy in patients who fail to respond to non-biological DMARDs, but relative evaluation of TNF inhibitors using indirect cost-effectiveness analyses are lacking. Only one study, evaluating the relative cost-effectiveness of the five current FDA-approved TNFα inhibitors in combination with methotrexate for the treatment of patients with moderate-to-severe active RA and with moderate or no response to methotrexate monotherapy from a US health payer perspective, has been recently published [59] . The study used Bayesian methods to determine the relative probabilities of achieving an ACR50 clinical response for each TNF inhibitor and Markov modelling, in which patients who achieved ACR50 criteria continued to receive combination therapy but those who did not switched to tocilizumab. Results of the study showed certolizumab pegol + methotrexate to be the second most cost-effective TNF inhibitor after etanercept + methotrexate, dominating infliximab, adalimumab and golimumab combination therapies at a WTP threshold of US$139,143/QALY.
Whilst estimation of relative effectiveness of the various biological DMARDs using ACR response data from only randomised, double-blind trials with methotrexate and/or placebo as controls helped to ensure the quality of these data, the lack of head-to-head studies, necessitating indirect analysis of ACR response data, is acknowledged as a limitation of our study. Also, although similar incidences of adverse events between the available biological DMARDs may be generally considered to be a reasonable assumption, exclusion of the costs associated with adverse events from the model is another acknowledged limitation of our study. Other limitations include the lack of data sources and cost-utility data (in Spain and worldwide) with which to compare our data, and the limited effectiveness of applying effectiveness information from 6 months, which is >1 treatment cycle.
The implications of our study findings for the public payer in Spain suggest that the Spanish NHS would be adopting the most cost-effective treatment if certolizumab pegol were offered to RA patients in combination with methotrexate instead of alternative TNF inhibitors currently recommended in Spain. Furthermore a recent study, in that equality of effectiveness is supposed, indicated that the addition of certolizumab pegol on the NHS in Spain, would generate large net savings of €10.3 million for the period 2013 to 2017 [60] .
Conclusions
In our study, in terms of QALYs gained, certolizumab pegol was the most effective therapy in combination with methotrexate at the €30,000/QALY willingness-topay (WTP) threshold compared with other TNF inhibitors recommended in Spain in 2009 (adalimumab, etanercept and infliximab) for the treatment of patients with active RA who did not respond adequately to DMARDs. In an analysis of monotherapies, certolizumab pegol was more cost-effective versus adalimumab and less expensive with similar health gains versus etanercept (mean QALY 6.416 vs 6.492). Probabilistic sensitivity analyses indicated advantages in efficacy for certolizumab pegol over the other TNF inhibitors. These results indicate that moderate-to-severe 
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